The general rule of thumb is that the hypersonic regime begins at above Mach 5. As we know, hypersonic flows have several properties, such as thin shock layer, strong entropy gradients and thick boundary layer, etc. These phenomena can interact with each other and produce many complications in vehicle design, e.g., the shock layer may merge with the boundary layer to form a fully viscous shock layer. These complications will lead to heavy wave drag and skin friction of the vehicle, and form a lift to drag ratio (L/D) barrier [1] . Therefore, it is difficult to get a high aerodynamic performance for a hypersonic vehicle with general configurations.
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Nowadays, one of the most competitive candidate configurations is waverider. The waverider is a type of hypersonic lifting body, introduced by Nonweiler in 1959 [2] . When it flies at its designed Mach number, the entire bow shock will attach to the leading edge (LE) of the body. Since there is no flow spillage from the lower surface to the upper surface, the high pressure behind the shock wave will lead to a high lift. The vehicle seems to ride on top of the attached shock wave when flying at its designed Mach number, so it is dubbed the "waverider".
At present, there are two main methods of the waverider designs: the flowfield derived method and the osculating cone method. The osculating cone method was proposed by Sobieczky [3, 4] . On the basis of the strip theory, the configuration is a shock-based solution that defines the flowfield directly from a specified shockwave and allows the direct selection of scramjet's inlet flowfield while providing good volumetric and packaging. This method has been studied and developed by many researchers owing to its flexibility and simplicity, but the osculating cone waverider might not be exact due to the effects of the crossflow were neglected. Lewis et al.
[5] developed pressure gradient correction method to get the exact configuration to some extent. The other branch of waverider design is the flowfield derived method, by which a waverider can be cut from a known flowfield. In the first instance, Nonweiler [2] generated a class of vehicles with a caret-shaped cross section and a delta planform by choosing the flowfield behind a planar oblique shock wave. Similarly, Jones [6] and Rasmussen et al. [7 -9] designed other configurations based on the hypersonic small-disturbance theory. In their works, the cone, the inclined cone and the elliptic cone were chosen as generating bodies, respectively. Subsequently, more complicated flow fields were used to generate waveriders by the aid of computational fluid dynamics (CFD) with the development of computers and numerical techniques. For example, Mazhul et al. [10] designed axisymmetric power-law shapes to get higher L/D waverider forms than those cone-derived ones; Takashima and Lewis [11] constructed the waveriders in the cone-wedged flowfield. Recently, Goonko et al. [12] presented the convergent-flow-derived waveriders, which were derived from the supersonic or hypersonic axisymmetric flows inside constricting ducts. In order to extend the design space, we developed a flexible method based on CFD analysis [13] , in which a waverider can be derived from any conical flowfields.
The geometrical and aerodynamic performance of different flowfield-derived configurations may be different. The motivation of our work is to explore the relationship between the different flowfields and their derived waveriders. In this paper, we analyzed 23 kinds of waveriders' performance under the conditions of fight speed of Mach 6, attack angle of 0° and flight altitude of 30 km. It was found that the performance was influenced by the shapes and the width to height ratios (W/H ) of generating cones. The waverider with the highest L/D was cut from the elliptical cone's flowfield (W/H = 1.5-1.618), and the configuration with the lowest drag was obtained at W/H = 1:1.5.
The waverider design procedure
The general procedure of designing a waverider configuration is sketched in Figure 1 . To begin with, the inviscid hypersonic flowfield around a predefined body is computed with CFD analysis under the design condition. The shock wave layer can also be captured from the obtained flowfield simultaneously. Next, a LE, which should be located on the shock exactly, is specified to define a waverider. Afterward, the lower surface of the waverider is constructed by tracing the streamline originated from the given LE, while the upper surface is usually created by simply following the freestream through the LE to the base of the waverider. Since there is no flow normal to the stream surface, the flowfield around the waverider can be taken as the part of the original one. Besides the above designed work, the CFD analysis is often carried on in order to evaluate the performances of the configuration. 
Inviscid flowfield computation
The generating bodies are arbitrary cones without longitudinal curvature. The cross sections of them are defined by the flexible B-spline curves as 
where P 0, P 1, P 2 and P 3 are control points. The shape of the curve P(t) varies with these control points relatively. The inviscid flowfield around the conical body was computed by solving the Euler equations numerically. A structural grid with the C-H topology was used to discretize the computational domain. In order to achieve a precise shock resolution, a solution-based adaptive grid was employed. In other words, an estimated position of the shock layer was taken as the clustered region of the grids initially. After several iterations, the regions of a high pressure gradient were captured as the shock layer, and the grid was allowed to recluster there. Generally, the adaptive operation is repeated for several times until the thickness of the captured shock layer is thin enough.
Definition of the leading edge
Once the flowfield and the shock are obtained, a wa-
